nal and 0.8% maternal). The current generation of consanguineous parents had a slightly higher risk for most diseases: cancer, mental disorders, heart diseases, gastro-intestinal disorders, hypertension, hearing deficit and diabetes mellitus. All reported diseases were more frequent in consanguineous marriages. Conclusion: The study showed that in a population with a high rate of consanguinity, there is a significant increase in the prevalence of common adult diseases like cancer, mental disorders, heart diseases, gastro-intestinal disorders, hypertension and hearing deficit.
Introduction
There is a historically high prevalence of consanguineous marriages in many communities throughout the world, especially in countries of the Middle East, Northern Africa and South Asia [1] [2] [3] [4] [5] . While the rate of consanguinity varies within the Middle East, the difference is usually related to religion, race, ethnicity and sociocultural factors, including socially accepted norms of endogamy in tribal societies [6] . Among the major populations studied, the highest rates of consanguineous marriages have been associated with socio-economic levels, illiteracy and rural residence [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Recent studies show that 68% of all marriages in Alexandria, Egypt, are consanguineous [7] , while the prevalence in Jordan [8, 9] varies from 51 to 58%; it is 54% in Kuwait [1] , 58% in Saudi Arabia [10] , 50% in the United Arab Emirates [6] , 52% in Qatar [11, 12] , 40-47% in Yemen [13, 14] , 50% in Oman [15] and 38.6% in Iran [16] .
Numerous reports on the effect of inbreeding on health have focused mainly on its impact on reproduction, childhood mortality and rare mendelian disorders [5, [17] [18] [19] [20] . Nevertheless, very limited information is available on the possible role of consanguinity and recessive genes in multifactorial or polygenic common adult diseases [4, 12, 21] . In the present study, the impact of high consanguinity on the prevalence of common adult diseases in the Qatari population was investigated.
Subjects and Methods
A cross-sectional study was conducted in the State of Qatar between October 2004 and May 2005 to determine the impact of consanguineous marriages on common diseases. A multistage stratified cluster sampling design was developed using an administrative division of Qatar in terms of number of inhabitants into 21 primary health centres. Over 70% of Qatari women visited just 10 health centres, which proportionately represented the Qatari population.
An estimate of 50% for prevalence of consanguinity as reported in neighbouring countries [4, 6, 10, 11, [13] [14] [15] and level of significance (type I error) of 1%, for computing 99% confidence limits with 4% error bound, was used to give an estimate of a sample size of 1,050 women. A multistage stratified sampling design was performed with subjects being selected by simple random sampling. Hence, a sample of 1,050 married Qatari females aged 15 years and above were selected for this study; 876 agreed to participate while the remaining subjects were excluded because some refused to take part and others submitted incomplete questionnaires. All information was gathered based on structured face-to-face interviews by physicians and qualified nurses using the local language. Furthermore, content validity, face validity and reliability of the questionnaire were tested in a sample of 150 subjects and demonstrated high levels of validity and a high degree of repeatability ( = 0.81); 78% of self-reported diseases were confirmed in medical charts. The relationship between the spouses was recorded as was whether their parents were consanguineous. Marriages between relatives were classified in 6 groups: double first cousins; first cousins; first cousin once removed; second cousin; less than second cousin (third cousin), and non-consanguineous marriage.
The category of first cousin was then further divided into 4 types: paternal and maternal parallel types I and II and crosscousin types III and IV as shown in figure 1 . The average level of inbreeding was assessed in terms of coefficient of kinship values for each population ( ␣ = ⌺ p i F i ) where ␣ measures the probability that a gene taken at random from one spouse is identical by descent to a gene from the same locus taken at random from his/her partner [22] .
Odds ratios were computed for the likelihood of disease by consanguinity status in the current generation as well as the respondent's children. For the current generation, cases were defined as respondents who were offspring of consanguineous unions (disease report limited to either self or siblings having the disease), and controls were defined as respondents who were offspring of non-consanguineous unions (disease report limited to either themselves or siblings having the disease). Similarly definitions were adopted for respondent's offspring. The 2 test was used to ascertain the association between two or more categorical variables. In 2 ! 2 tables, the Fisher exact test (two-tailed) was used when the sample size was small. Relative risk and 95% confidence interval were calculated using the Mantel-Haenszel method. The level p ! 0.05 was the cut-off value for significance.
Results
The mean age 8 SD of the 876 women interviewed was 39.25 8 9.57 years. The rate of consanguinity in the present generation was 51% (95% confidence interval = 47.7-54.4). The sociodemographic characteristics of consanguineous and non-consanguineous distribution in the study population are shown in table 1 . A significant association was observed between respondents' educational level and consanguinity. More consanguineously married women (252, 56.4%) were reported being illiterate than non-consanguineously married women (204, 47.6%). Conversely women with university education were less likely to be married to cousins (52, 12.1% of nonconsanguineously married women compared to those in consanguineous unions, i.e. 30, 6.7%). Although a similar pattern between consanguinity and husband's education was observed, the differences were smaller and not statistically significant. While the majority of women in both groups were housewives, no clear pattern was evident in consanguinity pattern relation to husband's occupation. Socio-economic status showed that the majority of the respondents (278, 62.2%, consanguineous and 252, 58.7%, non-consanguineous marriages) belonged to the low socio-economic group. A U-shaped association was observed between socio-economic status and consanguinity, with higher levels of consanguineous unions reported amongst those with low and high socio-economic status compared to those who reported to have medium-level socio-economic status. Data on trends in levels of consanguinity in the current generation compared to the parental generation and the associated coefficient of inbreeding are presented in table 2 . The most common type of consanguineous marriage was first-cousin marriage (233, 26.7%). Of these, type I (patrilateral parallel cousin marriages) constituted 154 of the total 233 marriages of first-cousin unions, while type II (patrilateral cross-cousin marriages) constituted 2.5% of all marriages, type III 2.9% and type IV 3.7%. The second most common category of consanguineous marriages was double first-cousin marriages (38, 4.3%). The prevalences of marriages between first cousins once removed and second cousins were 3.9 and 3.0%, respectively, while 13.2% of all marriages were between more distant cousins ( table 2 ). The rate of consanguinity in the parental generation was similar in the respondent's parents (51.0%), whereas the consanguinity rate among the respondent's husband's parents was 32.0% (p ! 0.001). The coefficient of inbreeding in the respondent, husband's parents and respondent's parents were 0.023724, 0.018425 and 0.016410, respectively. All types of consanguineous marriages were higher in the respondent's generation, particularly first cousin (26.7 vs. 21.4% paternal and 23.1% maternal) and double first cousins (4.3 vs. 2.9% paternal and 0.8% maternal).
The prevalence of common adult diseases among parents and the current generation and their offspring by consanguineous versus non-consanguineous mating in the Qatari population is presented in table 3 . Data show that there was a statistically significant difference in the two groups, parents and the current generation, in relation to cancer, blood disorders and bronchial asthma. Moreover, the current generation of consanguineous parents had a significantly higher risk than the non-consanguineous parents for such diseases as cancer, mental disorders, heart diseases, gastro-intestinal disorders, hypertension, hearing deficit and diabetes mellitus. There was also a significant difference in the prevalence between the offspring of consanguineous versus non-consanguineous mating for cancer cases. All reported diseases were more frequent in consanguineous marriages. Table 3 . Prevalence of common adult diseases among the current generation and offspring by consanguineous and non-consanguineous unions
Discussion
The incidence of consanguinity is relatively high in Qatar, with a rate of 51.0%, and predominantly first-cousin marriages comprising 26.7% of all marriages. The most common pattern of first-cousin unions was type 1 (paternal parallel first cousin), which constituted 17.6% of all marriages, similar to other Arab countries, where there is a tradition of consulting with male siblings, before agreeing to the marriage of a daughter to a non-relative [1, 8, 10, 14, 15, 23, 24] . While we do not have empirical data, we believe the preference is related to the deeply rooted cultural beliefs , social life and customs. Such marriages are considered to be more stable, due to close similarities in social and cultural values between the couple, and the economic benefits of keeping wealth within the families [6] [7] [8] [9] [10] [11] [12] .
The excess risk that an autosomal recessive disorder could be expressed in the progeny of a consanguineous union is inversely proportional to the frequency of the disease allele in the total gene pool [5] . For this reason, during the last decade many rare disease genes have been identified and their chromosomal locations mapped by studying highly inbred families with multiple affected members [25, 26] . The main impact of inbreeding is an increase in the rate of homozygotes for recessive disorders [6, 19, 27] . It is believed, although not proven, that high rates of inbreeding over multiple generations lead to elimination of deleterious recessive genes from the gene pool [27] . However, studies from South India where inbreeding has been practised for more than 2,000 years showed that there has been no appreciable elimination of recessive lethal and sublethal genes in the gene pool [28] . In an Eastern province of Saudi Arabia [29] , the rate of consanguineous marriage was 52.0% with an average inbreeding coefficient of 0.0312, slightly higher than that of the present study where the coefficients of inbreeding in the respondent, husband's parents and wife's parents are 0.023724, 0.018425 and 0.016410, respectively.
It has been reported that several genetic disorders, congenital malformations and reproductive wastage are more frequent in consanguineous marriages [30] . The risk for birth defects in the offspring of first-cousin marriage has been estimated to increase sharply compared to non-consanguineous marriages [31] . In several countries, the occurrence of malignancies, congenital abnormalities, mental retardation and physical handicap was significantly higher in offspring of consanguineous than non-consanguineous marriages , similar to the findings in the present study ( table 3 ) .
Those findings showed that consanguinity did not result in reproductive wastage but was an important factor in causing specific illnesses in offspring. Close consanguinity has probably been practised in the Gulf countries [1-3, 6, 11-15] , including Qatar for over 100 generations.
Some of the limitations of this study include the fact that over half of our study sample belonged to the low socio-economic status. The quality of health services in Doha and semi-urban areas of Qatar is high, and access to good-quality medical care is not an issue for most of the population. The absence of a comprehensive disease registry and database makes it difficult to make a sound assessment of the health impact of consanguinity at the community level. Furthermore, it is worth noting that there might be some bias in data associated with the ages of participants and reporting of diseases such as cancer, hypertension, diabetes and coronary heart diseases, which may arise later in life (in both cases and controls). Further in-depth studies are needed to determine the consanguinity rates in relation to morbidity and mortality in this population because consanguinity is increasing in the current generation, in spite of better education.
Conclusion
This study shows a higher incidence of certain diseases in consanguineous couples and that, in a population with a high rate of consanguinity, there is a significant increase in the prevalence of common adult diseases: cancer, mental disorders, heart diseases, gastro-intestinal disorders, hypertension, hearing deficit and diabetes mellitus.
